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ABSTRACT: An improvement in the signal-to-noise ratio of a 
Wheatstone bridge t y p e  radiation measuring instrument. The 
improvemttnt consists of replacing the shiclded clement in the 
bridge by an identical element except that it is K times as large 
and has K times as much resistance and replacing the voltage 
source adjacent to the rcplaced element by a power source 
producing K times as many volts where K is greater than one. 
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METHOD FOR IMPROVING THE SIGNAL-TO-NOISE 
R A f Q  QF THE WHEATSTONE BRIDGE TYPE 

BOLOMETER 
The invention described herein was made by an employee 

of the United States Government and may be manufactured 5 
and used by or for the Government for governmental purposes 
without the payment of any roydties thereon or therefor. 

T ~ E  invention relates generally to an instrument for measur- 
ing radiant energy and more specifically concerns means for 
improving the signal-to-noise ratio of the Wheatstone bridge IO P e d  to R the signat Output is aPPrOXimateIY 
type bolometer. 

It depends for its operation on the change in resistance of a 
by the heating effect of the radiation 

being measured. The typical form of the bolometer consists of 1.5 *neispropohonalto 
two of these pieces of material placed in two legs of a Wheat- 
stone bridge. One is exposed to the radiation being measured 
and the other b shielded from the radiation, and serves to 

bolometer. This type of bolometer will measure small amounts 20 
of radiation. However, it is limited as to the smallness of the 
amounts of radiation it can meaure by the thermal noise 
generated in the b o  pieces of material. n e  limiting value of 
the amounts of radiation that can be measured is determined 
by the signal-to-mise ratio at the output of the bolometer. 

pieces 13 and 14 are connected in parallel and their combined 
resistance is equal to R/2 ,  so that the thermal-noise voltage 
(N, 1 is proportion to the square root of R/2. The signal output 
(S,) is 

'i==e 
where e is tile incrementat change in resistance of piece 13 
due to radiation being measured- Since is smau corn- 

eV 

eV 
A bolometer is an instrument for measuring radiant energy. ",==a 

of material ThUS the Signd-tO-nOiSe ratio for the CitSe when K iS equal to 

eV 
SI 2R eV 

compensate for changes in the ambient temperature of the x = m = p  
For the case when K is many times greater than one, the 

combined resistance of Pieces 13 and 14 is approxbately 
equal to Hence, the themd-noise (Nk) is approxi- 
mately proportional to the square root Of R- The signal output 

25 (4) is 
It is therefore the primary object of this invention to in- 

crease the signal-to-noise ratio at the output of a Wheatstone 
bridge type bolometer. 

other objects and advantages wil[ become apparent 
hereinafter and in the drawing in which the single FIGUREis a 30 is approximately 
schematic drawing in the invention. 

Turning now to the embodiment of the invention xlected 
for illustration in the drawing, the numbers 11 and 12 
designate batteries. Battery 11 produces v v,-& and battery 
12 produces KV volts, where K is some large number. The 35 
larger K is, the more the signal-to-noise ratio is improved. 

than one. The number I3 designates a piece of semiconductor 
material with resistance R that has a negative temperature-re- Comparing &h to it is readily seen that by making K 
sistance characteristics. Materials suitable for this Use are well 40 large the signal-to-noise ratio is increased by approximately a 
known in the bolometer art. There are many materials that factor Of 2- 
would be suitable for this use and it is not intended that this in- The advantage of this invention is obvious in that it provides 
vention be restricted to any ane of them. It is only necessary an instrument which will measure radiation that would be 
that the should be of a type that changes in resistance overridden by the thermal noise generated in the resistance of 
as i t s  temperature changes. It is not even necessary that the 45 like Prior iImiments. Even though the thermal noise of the 
material be restricted to a semiconductor; however, semicon- instrument, that constitutes this invention, increases when the 
ductor materids are preferable since they are more sensitive. resistance in one of its Iegs increases the signal output increase 
The number 14 designates a piece of matefiat identical to a larger amount. Hence, there is an overall increase in signal- 
piece 13 except that its resistance is K times as large. Hence, t*-nob ratio. the output signd is more nearly linear as 
the piece of materia1 14 has a resistance KR Pieces 13 and 14 50 piece '.3 changes in resistance- 
are located close to each other so that their surrounding tem- I claim: 
peratures are the same. ~ ~ n ~ ~ i ~ ~  11 and 12, and pieces 13 and 1. A method for improving the Signah-nojse ratio of an in- 
14, are connected in a Wheatstone bridge as shown in fie strument for tIle%tIring radiation Of type in Which a first 
FIGURE. During operation, piece 13 is exposed to fie rd ia -  piece Of m a t e d  that changes in resistance when it is exposed 

being measured and piece 14 is shielded from the radia- 55 to radiation, a second piece of material exactly like said first 
tion. The output of the bridge is proportional to the radiation. Pieces a first battery, and a second battery that produces the 

instrument shown in the FIGURE Same number Of volts aS said fitst battery are connected as a 
is old when K is equal to one. This invention consists of ,,,&- Wheatstone bridge whereby when said first piece of material is 
ing K larger than one. By doing this, the signal-to-noix ratio of exposed to the radiation to be measured and the second piece 
the instrument is increased and amounts of radiation 60 is shielded from the radiation the Outgut of the bridge k pro- 
can be measured. ne discusion in the following pangraphs POfiOnaI t0 the radiation said method Comprising the steps of 
shows h a t  when K is large the siwal-to-nok ratio is in- replacing said second piece Of material with an identical piece 
creased over the case when K is one. of material except that its resistance is K times as large and 

i t  i s  well known that the them& noise generated in any re- replacing mid second with a aaeT that Produces K 
sistance is proportional to the square root of the magnitude of 65 times as many greater than One. 

the resistance. Hence, for the case when X is equal to one, 

KeV 
&= ( K + T ) R  +e 

Since e is small compared to R and K is large the signal output 

eV 
X1, =- B 

Therefore, the signal-to-noise ratio is proportional to 
cv 

S k -  R eV 
I 

However, there is some improvement as long as K is greater Nk--.\r?Z.=R9/2 

The radiation 
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